Recovery of dormant, non-dormant and dead wild oat seeds and seedling emergence from naturally-infested Regina heavy clay soil was used as a measure of viability during 5 years of consecutive summerfallow subsequent to 13 years of continuous cropping.
INTRODUCTION
The introduction of ·wild oats to \N estern Canada has proved extremely costly. At the present time 85 per cent of our cropland is known to be infested ( 16) and our annual loss from this source is estimated to be 200 million dollars. This constitutes more than 25 per cent of the value of our average annual wheat production for the period 1951 to 1960 inclusive. Our total loss from wild oats in this decade can be computed as 2 billion dollars.
Seed dormancy plays a major role in the preservation of wild oats in our cultivated soils. As early as 1914 Atwood (1) attributed delay in germination of A. fatua to restricted oxygen supply and suggested that the seed coat acted as a barrier to entry of oxygen. Since then several workers ( 4, 15, 17) have confirmed the stimulating effect of increased oxygen con centration on germination in this species. Bib bey (2, 3) studied the in fluence of environment upon germination, after-ripening and dormancy of wild oats and other weed species. He found that primary dormancy largely disappeared from wild oat seeds in the soil during the first winter and early spring after-ripening period. Brown et al. (7) observed that most cereal grains after-ripen in 1 to 6 months when stored at 104°F. However, freshly-harvested seeds of oats and barley remained dormant for a period of 3 years at a temperature of 36°F. and relatively high humidity.
In 1956 Naylor and Christie (18) reported the presence of a water soluble substance in the wild oat hull which inhibited or delayed germina tion. In later work Black ( 4) detected two inhibitors in both the hull and caryopsis of dormant seeds. He suggested that in addition to its inhibiting action in dormant intact seeds the hull retarded leaching of inhibitors from the caryopsis. His results indicated that the inhibiting effect of the hull was not due to restricted gaseous exchange as previously supposed. In 1957, Black and Naylor (5) and Cumming (11) reported inhibition of wild oat germination by white light. Similar effects were noted where dormancy was induced by previous immersion in water (14) . Cumming and Hay (12) further observed marked inhibition of germination in partially dormant seeds by blue and infrared radiation. In recent studies with dormant embryos, Naylor and Simpson ( 19) have found that "natural inhibition of germination in A. fatua L. involves restriction of both sugar accumulation and utilization of sugar in growth." The addition of gibberellic acid in sufficient quantity will overcome this dual inhibitory effect to thus promote germination. Earlier work ( 6) had shown that seed dormancy was lacking in plants previously treated with this substance. Naylor and Simpson ( 19) also found evidence of a natural gibberellin in seeds of this species and suggested that control of dormancy might be due to a gibberellin-inhibitor antagonism.
In spite of the fact that wild oat seeds are known to persist in the soil for several years ( 9, 20, 2 1) surprisingly little is known of their dormancy characteristics in cultivated soil. No one has attempted to follow the degree of after-ripening or loss of dormancy of wild oat seeds in naturally-infested soil over a period of years. The results presented herein were designed to fill this gap in our knowledge and at the same time provide for a better understanding of methods of control.
MATERIALS AND METHODS
The plot area ( 60 x 160 feet) chosen for soil sampling had been cropped continuously for 13 years and as a result was very heavily infested with wild oats. Grass enclosed the site on three sides and after the second summerfallow year a double row of snow fencing, 4 feet high and 10 feet between rows, was erected to prevent soil erosion and contamination by wind. Unless otherwise specified, the test area was summerfallowed for 5 consecutive years to a depth of 4 to 5 inches by means of a cultivator or rod weeder. The plot area was not tilled in autumn of 19 5 6, the year preceding the continuous summerfallow regime. Soil type was Regina heavy clay.
In 1957 and 1958, from four to five replicated soil samples, each 1 foot square and 5 inches deep, were taken randomly at regular intervals during the period from early spring until freeze-up. Each sample was collected in two layers, surface to 2 inches and 2 to 5 inches deep. The soil was then spread uniformly in flats and two or three replicates from each sampling were placed on benches in the greenhouse. The remaining two replicates were placed outside along the north wall of the greenhouse where they were maintained under relatively cooler conditions. Care was taken to ensure that seeds were not exposed on the soil surface. Wide variations in temperature were encountered, especially in the greenhouse. "Low" and "high" temperatures were recorded daily at 8.00 a.m. and 2.00 p.m. Air temperatures in the greenhouse, taken at the soil surface of the flats, were maintained generally between 60 and 80°F. Occasionally they decreased to as low as 50°F. They frequently reached 102 °F. prior to watering at 2.00 p.m. By comparison, "low" and "high" air temperatures at the soil surface of flats along the north wall ranged from 37 to 60 and 64 to 83°F., respectively. The average monthly temperatures, based on these extremes, ranged from 66 to 78 in the greenhouse and from 51 to 69°F. in the flats outside. The average temperature differential between soil in flats in the greenhouse and along the north wall ranged from 12 to 15°F. in both years. Water was supplied as deemed necessary for normal growth, and relatively high humidity was maintained in the greenhouse by frequent dampening of the floor and wall area.
Germinating seeds and seedlings which emerged within 21 days were identified, recorded as being derived from non-dormant seeds and discarded. The soil was then dried, the remaining wild oat seeds were removed by hand, dehulled and scratched lightly over the embryo with a dissecting needle prior to germination at 61 to 65°F. in darkness in the laboratory. Subsequent to 19 5 7 the seeds \Vere placed in a germinator without light at a temperature of 63 to 65°F. Seeds germinating after this treatment were known to be dormant originally. In the rare occurrence where such manipulation failed to stimulate germination in seeds which otherwise ap peared viable, a small portion of the caryopsis, distal to the embryo end, was sectioned with a scalpel or· sharp scissors. This procedure invariably promoted germination in the most dormant seeds encountered in this study.
In the third test year the procedure was altered slightly. Five repli cated soil samples were taken as before to a depth of 5 inches and collection by separate layers was abandoned. Wild oat seeds were handpicked from each sample the day of collection and placed intact in Petri dishes containing two Whatman No. 1 filter papers, 9 centimeters in diameter. Five milliliters of distilled water were added, the dishes were then covered and placed in the germinator in darkness at 63 to 65°F. Seeds which germinated during the first 10 days were classed as non-dormant. The remainder were de hulled, pierced immediately adjacent to the embryo, and replaced in the germinator for an additional 10 days. Seeds showing subsequent germina tion were classified as dormant. As mentioned above, seeds which appeared viable but failed to germinate within 20 days were sectioned. In 1958 and 1959 intact wild oat seeds lying on the soil surface were picked regularly at random from the cultivated area in lots of 100 to 150, divided into repli cates of 25 or 50 seeds each, and handled in a similar manner.
Regular emergence counts were initiated in the spring of 19 59 after 2 years of consecutive summerfallow. Nine plots, each 10 feet square, were staked out for use until no further wild oat seedlings emerged. Seedlings were identified and discarded after depth of emergence was noted. These plots were hoed to remove other weed growth. In 1960 a further nine plots of similar size were staked out to assist in evaluating emergence. These were cultivated in the usual manner as weed growth warranted. The original nine small plots were left untilled and the limited growth which occurred was removed by hand.
Soil samples were generally taken at 2 p.m., at which time temperatures on the surface and at depths of 2 and 3 inches were recorded throughout the growing season of 1957 and spring period of 1958. Based on these limited readings, temperature variations at the surface, 2-and 3-inch depths were 68 to 83, 64 to 76 and 54 to 72°F., respectively, for the period from late April to mid-June, 1957 Shallow tillage for weed control is a common practice in Western Canada. For this reason 5 inches was chosen as a representative depth of cultivation and soil samples were taken to this level during 3 years of con secutive summerfallow. Since the number of viable wild oat seeds was markedly reduced during this period, determination of viability on the basis of soil sampling became impracticable. Consequently, seedling emergence per square foot was used as a measure of viability in the fourth and fifth year of consecutive summerfallO\v. With minor exceptions, which oc curred prior to May 23, 1957, and excluding seeds collected from the soil surface, comparisons are based on area per square foot throughout this study. In 1957 and 1958, while the soil was densely infested, it was con venient to express viability as a percentage of the total intact seeds recovered per square foot sample. In handpicking, only seeds with intact hulls, show ing no evidence of current or previous growth, were selected. This pro cedure was adopted to provide information on the percentage of inviable seeds in the soil which could not be identified as such visually without dehulling. In a few instances the hulls were devoid of caryopses. These were not included in the percentage calculations.
RE SUL TS AND DISCUSSION
Total viability, determined from the percentage of dormant and non dormant seeds recovered from the soil during the first summerfallow year following 1 3 years of continuous cropping, is illustrated in Figures 1 and 2 . The results are based on the processing of more than 25,000 seeds. The number of seeds per replicate varied from 125 to 700. Non-dormant seeds, as shown in Figures 1 and 2 , were germinated in the greenhouse and outside against its north wall, respectively. Arrows at the base of each chart signify dates of cultivation.
The interesting feature of this particular soil population was the close correspondence between total viability and degree of dormancy throughout the growing season. This is especially evident in Figure 1 where lack of dormancy was determined under relatively high temperatures in the green house. Apparently, under the seasonal conditions encountered in 1957, the majority of the seeds germinated as they lost their dormancy or became fully after-ripened. Destruction of seedlings by cultivation and autumn frosts reduced the average supply of viable seeds from 7 5 to 3 2 per cent by early October at which time the number of viable seeds averaged 112 per square foot. Nearly 80 per cent of these were still dom1ant. The seasonal rainfall distribution in 1957 (see Appendix) suggests that moisture might have been a limiting factor in germination. However, this possibility was largely refuted by the fact that few seeds germinated when soil samples were brought into the greenhouse and adequately supplied with water. It was concluded that persistence of wild oats in the first summerfallow year was due primarily to seed dormancy and not lack of germinative conditions.
The relatively low values obtained prior to May 2 3 were rather puzzling. It was thought that perhaps the first cultivation on May 9 had gone deeper than 5 inches and a fresh supply of seeds had been brought up inadvertently. The insignificant increase in viability which occurred shortly after seems to invalidate this argument. However, in rechecking of methods it was realized that a 7-inch square sampler was used prior to May 23. On this date a new, 12-inch square sampler was substituted. The increase in volume of soil sample, which was nearly tripled, probably ac counted for a major part of the discrepance since variations in sampling are quite evident beyond this date. Nevertheless, small increases in total viability often appeared where samples were taken shortly after cultivation which indicates some measure of replenishment from depths below 5 inches. Samples obtained shortly before cultivation usually contained a large num ber of seedlings which \Vere discarded. This fact no doubt accounts for much of the observed variation in percentage viability and is quite evident in samples obtained just prior to early June cultivation when germination was near its spring maximum.
Distinct and also periodic increases in germination occurred when pre viously buried seeds were exposed to cool, moist growing conditions for 21 days, as shown in Figure 2 . This response appeared to be due mainly to cooler temperatures and not increased oxygen. This is indicated by the fact that well-aerated samples (collected shortly after cultivation) showed only limited increases in the percentage of non-dormant seeds at higher temperatures in the greenhouse (Figure 1 ) . The generally higher viability obtained in flats outside during the hot summer months was probably due also to more nearly optimum temperatures. Limited experiments by the [Vol. 42 of 8.5 viable seeds per square foot. It was evident that many of the seeds remaining in the soil at the end of the first summerfallow year had after ripened between then and the following spring. The results indicated clearly the potential value of delayed seeding within the spring period following 1 year of summerfallow. In this particular set of conditions early-seeded crops would have been heavily infested. On the other hand, early June seeding, while giving maximum wild oat control, would almost certainly have resulted in reduced crop yield.
In contrast to the previous year, lack of dormancy and total viability coincided closely when seeds were tested outside (Figure 4) . Under green house conditions percentage dormancy was quite high prior to June. It is worthy of note that extremes in temperature were greater and air tem peratures unseasonably high in May of 1958 compared to 1957 (see Ap pendix). The effect of the latter upon greenhouse conditions may have caused some induction of dormancy. The fact that a great many seeds lost their dormancy and grew in the field during this period supports this ex planation. Irrespective of these effects, a low percentage of dormant seeds persisted throughout the growing season, a similar situation as that noted in many wild oat samples after-ripened in dry storage and darkness in the laboratory for 3 years or more. After 2 years of consecutive summerfallow, [Vol. 42 SEPT.
FIGURE 5. Seasonal characteristics of wild oat seeds in the soil during the third consecutive summerfa!low year following 13 years of continuous cropping. Depth of sampling 5 inches. Lack of dormancy tested in the gerrninator.
3 per cent of the seeds were still alive which amounted to between 6 and 7 viable seeds per square foot in this particular infestation.
During the third consecutive summerfallow year more than 4500 intact seeds were recovered from the soil and tested in the germinator. Not less than 5 replicates were taken at random per sampling. The number of seeds per replicate varied from 55 to 227. The results, expressed as viable seeds per square foot, are given in Figure 5 .
While most of the viable seeds recovered throughout the season were non-dormant, a small number of dormant seeds persisted. The complete lack of viability in early July and the subsequent recovery of limited num bers of viable seeds indicate that the number of soil samples per collection was eventually becoming a limiting factor in evaluating viability. This problem was anticipated and partly compensated for by the initiation of regular emergence counts during the third summerfallow year. The data indicated that had this area been sown in May or early June an infestation averaging 2.2 seedlings per square foot might have resulted initially. Seeds which after-ripened subsequently and grew as a result of seasonal rainfall would increase the stand of wild oats. In these circumstances, the degree of replenishment would approximate 300 or more seeds per square foot. However, when re-infestation was prevented, the number of viable seeds appeared to be somewhat less than 1 per square foot by the end of the season.
Emergence counts, based on an average of 9 plots, each 10 feet square, indicated that fewer seedlings emerged than that expected from the data presented above (Figure 6 ). -----1960dota-not cultivatrid
. Cumulative emergence of wild oat seedlings during the third and fourth consecutive summerfallow years following 13 years of continuous cropping.
The number of plants which grew in 1959 averaged 1 per square foot by early July. Most of these would no doubt mature in time to seriously re-infest the area to the extent of 100 or more seeds per square foot. This situation could arise in a late-sown flax crop. On the other hand, early planting of barley or wheat might have stimulated earlier growth of wild oats. If this occurred the re-infestation potential should not be altered greatly. The discrepance in actual and potential emergence, noted in June of 19 59 (Figures 5 and 6) , might have been caused partially by variations in sampling. It is also possible that a certain percentage of non-dormant seeds did not grow at this time because of lack of germinative conditions. The increase in emergence from late August until freeze-up was influenced by a favorable moisture supply. Dry conditions during this period pre- sumably would have permitted many of these seeds to overwinter and germinate the following spring.
In the fourth consecutive summerfallow year regular soil sampling was discontinued and viability was determined from seedling emergence in 18 plots, each 10 feet square. One-half of these were cultivated as weed growth warranted. The remainder were not tilled and undesirable growth was removed by hand. Cumulative emergence, expressed as seedlings per square foot, is shown in Figure 6 . The 1959 and 1960 data represent the third and fourth consecutive summerfallow years, respectively.
The test area was cultivated on May 12 and July 18 of 1960, except for the nine plots specified. In view of reserve moisture conditions it was rather surprising that average seedling emergence was slightly higher in untilled plots throughout the season. Only rarely did seedlings emerge from depths below 5 inches. In early July the soil in the Regina area was saturated with moisture. By July 8, 77 plants had emerged in the untilled compared to 58 in the cultivated plots. The remainder of the season was hot and dry and no further plants emerged until after mid-August (see Appendix). Even though soil oxygen may have been limiting in mid-July, cultivation in the prescribed area did not promote emergence but rather assisted in reducing the surface moisture supply.
The potential re-infestation, while appearing sparse, was still significant. A few simple calculations will verify this point. For example, under good moisture conditions, a wild oat plant may frequently produce 250 to 300 seeds. Forty per cent of these may fall to the ground by means of early shattering, cutting, gathering of the swath or passage through the combine. On this basis, 58 or 77 plants could return 7 or 10 seeds per square foot of area sampled. This is probably a conservative estimate.
By mid-August, 1961, the fifth consecutive summerfallow year, 7 seedlings had emerged from the untilled plot area of 900 square feet. No emergence was observed from the comparative plots which were tilled nor was any observed from seeds deeper than 5 inches. Thus, at least 5 years are needed to eliminate wild oats under the conditions noted above. This period of time is in agreement with results reported by Thurston (21), for A. fatua. As noted by Thurston (21) , Cates reported a maximum sur vival period of 6 years for this species in field soil in parts of North and South Dakota.
Regular cultivation in 1957, the first summerfallow year, appeared to have some beneficial effect upon after-ripening of wild oat seeds in the soil. For this reason the seasonal characteristics of the wild oat population in the adjoining cropland were determined in 1958 for comparison with the area being summerfallowed for the second successive year. The history of the cropped area was similar except that it was sown to spring wheat after 1 year of summerfallow. Consequently it was tilled only when seeded in May of 1958. The results of periodic soil sampling were based on a total of nearly 6,000 seeds. Not less than 125, or more than 3 15, seeds per replicate were tested per sampling. Re-infestation was not permitted and under these circumstances the percentage of viable seeds in the soil at the end of the season was similar to that obtained in plots summerfallowed for 2 consecutive years. This is in agreement with Chepil's ( 10) findings. It was also evident that lack of cultivation did not seriously hamper after-ripening of seeds in soil being cropped. However, under relatively dry soil conditions, which usually exist as the crop approaches maturity, the supply of oxygen available to the seeds should not be limiting. Where soil moisture reserves were good (Figure 4 ) improved aeration as a result of cultivation appeared to assist in the pro motion of after-ripening.
Fluctuations in seasonal behavior were not greatly different from those obtained in the second summerfallow year, especially after June. The curves representing percentage viability were quite similar. For example, the percentage of non-dormant seeds reached a peak in July, decreased by early August and rose again thereafter. As mentioned previously this is in contrast to seasonal behavior exhibited during the first summerfallow year. Under conditions of limited rainfall the wild oats emerged more slowly in competition with the crop. In spite of this, Jess than 5 per cent of the seeds were viable by late August. Adequate rainfall at this time assisted in reducing the supply of viable seeds still further.
In conjunction with regular soil sampling in 1958, intact seeds were picked at random from the surface of the plot area in lots of 100 to 125, divided into four or five replicates, and treated according to the method described above. Viability and seasonal dormancy results, based on a total of 1,150 seeds, are shown in Figure 7 .
Except for two rather marked deviations, which occurred in May and August, nearly all of the viable seeds on the soil surface were dormant at time of collection. Interestingly enough, loss of dormancy in surface seeds closely resembled the usual pattern of seasonal periodicity of germination. As mentioned above, inhibitory effects of light on germination of wild oats have been reported recently (5, 11, 12) . From limited results presented here, it appears also that during certain periods in the spring and late summer or early autumn an interaction between light and temperature caused some reduction in dormancy of seeds exposed to natural sunlight. The magnitude and periodic nature of the observed responses suggest that inhibition of germination by light may be influenced considerably by temperature. That the observed effect was not caused by a fresh supply of surface seeds was shown by the fact that cultivation in 1958 did not commence until June 18.
Similar responses were noted in surface seeds collected prior to cultiva tion in the early part of the 1959 season. However, in the third year of summerfallow, so few surface seeds were viable that the results were not considered reliable and are not presented. No viable seeds were encoun tered on the surface after early July. These observations were based on a seasonal total of 1,1 30 seeds. Further results of similar tests indicate a periodic response of temperature \vhich tends to reduce the inhibitory effect of light on germination.
GENERAL DISCUSSION
It is evident from the above results that persistence of wild oats in our cultivated soils is caused chiefly by seed dormancy. Primary dormancy appears to be the type which is mainly responsible. It is considered to be that which exists from maturity until the seed is first ready to germinate. Any further induction of dormancy which does not leave the seed in a readily germinable state is considered as secondary dormancy. There was little or no evidence of this under field conditions. The percentage of dorm ant seeds was especially high during the first summerfallow year following 1 3 years of continuous cropping. This is in contrast to Bibbey's ( 3 ) results which showed that primary dormancy largely disappeared from wild oat seeds in the soil during the first winter and early spring after-ripening period. There appears to be no ready explanation for these differences although as Bibbey has indicated, environmental conditions from late fall until early spring have a marked effect upon after-ripening of Avena seeds.
In the present study after-harvest tillage was omitted in the autumn of 195 6 and early�shattering wild oat seeds were left undisturbed on the soil surface. Since moisture supplies are generally low at harvest time the heavy clay soil at Regina becomes subject to considerable shrinkage as it loses moisture. Seeds which shatter naturally have intact awns and many of these work their way into the resulting cracks in the soil. A certain percentage of seeds which pass through the combine and fall to the ground also have their awns intact and are thus capable of movement. A fairly high percentage have their awns sufficiently damaged as to render them immobile and exposed on the soil surface. Preliminary studies upon after-ripening at Regina have shown that a high percentage of dormant seeds may persist in June of the following year whether or not they are intermixed with the soil the preceding fall or left exposed on the surface. It has been found also that a low percentage of dormant seeds still persists in samples after ripened in dry storage and darkness in the laboratory for periods of 3 years or more. Present indications suggest that, under conditions of regular re plenishment, the percentage of more highly dormant seeds gradually in creases or is maintained in the soil as a result of natural selection. It follows then that, if regular replenishment is prohibited, the dormant types eventually predominate in a given soil population before their decline be comes evident. The dormancy behavior reported herein appears to have wide application in the control of wild oats in Western Canada.
Many of the seeds which were dormant at the end of the first summer fallow period after-ripened and grew by early June of the second consecu tive summerfallow year. The degree of success of the delayed seeding method of control ( 8) was clearly evident during the spring period of 1958.
In this particular set of conditions, if this area had been cropped, maximum control would not have been obtained unless seeding operations were delayed until early June. Although percentage viability was markedly reduced, more than 8 viable seeds per square foot were recovered from the test area at this time. From then until the first killing frost a relatively low per centage of viable seeds remained in the soil. Persistence during this period was assisted, at least temporarily, by lack of germinative conditions, chiefly moisture. Limited soil oxygen supply contributed to a lesser extent. How ever, dry conditions are believed to hasten after-ripening of dormant seeds, the beneficial effect of which may compensate for temporary delays in germination.
During the third consecutive summerfallow year the number of viable seeds decreased from 3 to less than 1 per square foot. A small number of dormant seeds per unit area were recovered from the soil in mid-August. Inadequate moisture contributed to the presence of 1 non-dormant seed per square foot at this time. However, subsequent rainfall in late August reduced the latter considerably when a marked increase in emergence occurred (see Figure 6 and Appendix).
It has been suggested that 2 years of consecutive summerfallow might eliminate an infestation of wild oats. While this may effect a marked reduction in the percentage of viable seeds it is obvious from the above results that it does not offer a satisfactory means of eradication. In addition to being very costly it merely provides a temporary setback to an originally heavy infestation.
Emergence data in the fourth year of cultivation confirmed the presence of a few seeds presumed to have been dormant previously. While a very marked reduction in degree of infestation was evident it seemed probable that a limited number of viable seeds still existed in the test area. This pos sibility was tested in 1961, the fifth consecutive summerfallow year. As mentioned previously, 7 seedlings had emerged by mid-August from a total area of 1,800 square feet. All of these were derived from hand-weeded, untilled plots which comprised one-half of the area. No emergence oc curred from seeds below a depth of 5 inches.
It was not possible in this study to classify seeds on the basis of their appearance because of the effects of natural weathering. Seeds in the im mediate vicinity, however, ranged in color from yellow to light and dark grey or brown with varying amounts of pubescence. There is little doubt that the population investigated was quite heterogeneous. Variations in degree of dormancy between regional populations have been observed by Haun ( 13) . He noted also, as did Johnson ( 15) , differences in germination of primary and secondary seeds within a spikelet. In viev.,-of these effects and the fact that many natural populations are highly variable it is not surprising that a limited number of seeds persist for relatively long periods in the soil.
In the adjoining cropland, which was sown in 1958 after 1 year of summerfallow, neither moisture nor oxygen supply appeared to seriously reduce total emergence of wild oats. By early October percentage viability was similar in this area, alternately summerfallowed and cropped, as com pared to plots summerfallowed for 2 consecuti re years, as long as re infestation was prevented. This suggested that ·wild oats could be "grown out" equally well in a 2-year rotation, cropped in alternate years. This system is frequently employed in areas of heavy-textured soil where this species is considered to be most serious. Because of the early-shattering characteristics of wild oats it is not uncommon to cut heavily-infested crops early to prevent re-infestation. The results obtained confirmed the value of this practice and corroborated the fact that early cutting of even moderately infested fields will assist greatly in preventing the replenishment of viable seeds in the soil.
Viable seeds recovered from the soil surface during the second year of consecutive summerfallow were nearly all dormant. Lack of germina tion has been reported by Bibbey (2) and Chepil (9) in seeds of this species lying on the soil surface. In view of recent reports ( 5, 11, 12), delayed germination in surface seeds was presumed to be due to inhibition by light. No viable seeds were found in surface samples obtained after June of the third summerfallow year. 
